Abstract The aim of this study was to determine whether there are racial/ethnic differences in initiation and timing of adjuvant endocrine therapy (AET) after Medicare Part D drug coverage. We conducted a retrospective cohort study using data from the Surveillance, Epidemiology, and End Results-Medicare-linked data to assess ethnic, socio-demographic, and tumor characteristic variations in the initiation of AET among patients C65 with hormone receptorpositive breast cancer in 2007-2009 enrolled in Medicare Part D through 2010. Logistic regression models were performed to assess the association between race/ethnicity and the initiation of tamoxifen, aromatase inhibitors (AIs), and overall AET (tamoxifen or AIs) within the first 12 months of diagnosis. Of the 12,198 women with hormone receptor-positive breast cancer, 74.8 % received AET within 12 months of diagnosis, of which 17.3 % received tamoxifen and 82.8 % received AIs. After controlling for all variables, only Asian women were found to have a greater odds of initiation of overall AET compared to non-Hispanic white women (odds ratio (OR): 1.28, 95 % CI: 1.03-1.58). Hispanic Mexicans and non-Hispanic black patients had a significantly lower odds of tamoxifen initiation (0.70, 0.54-0.91; 0.25, 0.10-0.62). For AI initiation, Hispanic Mexicans and Asians had a higher odds compared to non-Hispanic white women (2.06, 1.34-3.10; 1.33, 1.11-1.61). A suboptimal proportion of women (25.2 %) did not initiate AET within 12 months of diagnosis and therefore did not receive the full benefits of treatment to reduce the risk of breast cancer recurrence and mortality. Racial/ethnic differences in the initiation of tamoxifen and AIs have important implications that require further investigation.
Introduction
Black and Hispanic women experience an increased risk of breast cancer death compared to non-Hispanic white women [1] [2] [3] [4] . These ethnic disparities in mortality have been reported to be attributed to late stage at diagnosis [2, 3] , socioeconomic status [4] , tumor subtypes [5, 6] , and the initiation and timing of effective recommended treatment for breast cancer [2, 4] . Nearly two-thirds of all breast cancer cases in the USA are hormone receptor-positive (estrogen or progesterone) and these women are eligible for adjuvant endocrine treatment (AET) [7, 8] . AET is recommended for five years for women with localized-or regional-stage hormone receptor-positive breast cancer [9] . AET treatment includes two classes of drugs, tamoxifen and the aromatase inhibitors (AIs include exemestane, letrozole, and anastrozole). The treatment recommendations are based upon an assessment of menopausal status where premenopausal women are generally indicated to take tamoxifen [9] , while recommendations for postmenopausal women can include either tamoxifen, AIs, or a combination of one drug following the other [9] .
Given the well-documented efficacy of AET treatment to reduce breast cancer recurrence and mortality [10] [11] [12] [13] , the timely initiation of AET following a breast cancer diagnosis is potentially important and amenable. However, a number of studies found that a substantial proportion of women with breast cancer indicated for treatment did not take AET altogether [14] or did not initiate the treatment in a timely manner [15] [16] [17] , especially among ethnic minorities [16] [17] [18] . One study found that in a cohort of women enrolled in a large HMO health plan, Hispanic women were less likely to initiate AET compared to nonHispanic white women [16] , but the use of AET was not significantly associated with race/ethnicity in another study of an ethnically diverse national cohort of women [14] . However, this study used a self-report of hormonal therapy use which might have had differential recall or reporting bias [14] .
What remains unclear is whether the initiation and timing of AET, including tamoxifen and AIs, is different for an ethnically diverse cohort of older women. Since 2006, the Medicare Part D program started to cover AET for breast cancer for the first time, making it possible to address the above research questions. Although we recently reported an internal validity of Medicare Part D data for hormone therapy and its geographic and racial variation for breast cancer [17] , the study did not examine the initiation and timing of hormone therapy. To add new information to the existing literature, we determined whether there were racial/ethnic differences in initiation and timing of AET among a large cohort of older women diagnosed with hormone receptor-positive breast cancer in [2007] [2008] [2009] with Part D drug claims through 2010 in the SEER areas, accounting for approximately 30 % of the US population. To the best of our knowledge, this is the first study to examine the ethnic disparities in initiation and timing of AET for breast cancer in these women following Medicare Part D drug coverage in SEER areas.
Methods

Data source
This study utilized the Surveillance, Epidemiology, and End Results (SEER)-Medicare-linked data with Part D plan claims from 2007 to 2010. The National Cancer Institute's SEER Program contracts with population-based cancer registries to provide data on all incident cancer cases (with the exception of non-melanoma). The population covered by SEER is comparable to the general US population with regard to measures of poverty [19] . Data collected include patient demographics, primary tumor site, tumor morphology and stage at diagnosis, first course of treatment, and follow-up vital statistics. The population data such as poverty status and education at the census tract level were from the Census Bureau.
Study design and population
This was a retrospective cohort study. Because AET is recommended to women diagnosed with early-stage (AJCC stages I-III) breast cancer as an adjuvant therapy following cancer-directed surgery with or without chemotherapy [9] , we restricted our study cohort to include women with stages I-III and hormone receptor-positive breast cancer at age C65 who were enrolled in Medicare Part D for at least 12 months after the date of diagnosis (Fig. 1) . Women with tumors of unknown hormone receptor status were excluded. Patients were also excluded if they were not enrolled in Part D plan, had lack of both Medicare Part A and Part B, and were enrolled with a health maintenance organization from the year of diagnosis to the last follow-up. Our final sample included 12,198 women who remained continuously enrolled in Medicare Part D for at least 1 year after breast cancer diagnosis.
Dependent variable
Medicare Part D pharmacy claims data contain information on detailed person-specific information for drug utilization such as date of service, product generic drug name identifier, quantity dispensed, days' supply, and fill number. Initiation of AET was defined as a single prescription fill for a tamoxifen or an aromatase inhibitor (AIs) based on their generic drug name in Medicare Part D pharmacy claims data up to 1 year after the date of breast cancer diagnosis. AIs were defined as anastrozole, exemestane, or letrozole. We created a binary variable for initiation if eligible women filled a prescription for any AET medication (yes versus no).
Main exposure variable
We identified women who belonged to six categories of race/ethnicity: non-Hispanic white, black/African American, Hispanic Mexican, Hispanic South or Central American, other Hispanic, or Asian. Race was identified using the SEER race recode variable which is not mutually exclusive for whites, blacks, Asian/Pacific Islanders, and American Indians/Alaska Natives. This variable was combined with the Hispanic origin variable which is derived from the NAACCR Hispanic Identification Algorithm (NHIA) that uses a combination of variables to directly or indirectly classify cases of Hispanic for analytic purposes [20] . If race/ethnicity data were missing or unknown in the SEER data, we used Medicare data to identify the patient's race/ethnicity. Women with other racial/ethnic groups were excluded from this analysis due to small numbers (Fig. 1 ).
Other study variables
We examined patient socio-demographic, tumor, and clinical characteristics. Demographic information included age at diagnosis and marital status obtained from the SEER data. Socio-demographic information included the percent of residents living below the poverty level at the census tract level and whether the patient lived in a metropolitan region. Tumor characteristics included AJCC tumor stage, tumor size, tumor grade, and lymph node status. Chemotherapy use was identified through Medicare claims within 6 months of diagnosis using procedure codes, and information on radiotherapy and surgery was obtained from both SEER and Medicare data as documented before [21] . The number of comorbid conditions was ascertained from Medicare claims data between 1 year prior to and 1 month after the diagnosis of breast cancer [21] [22] [23] . We also included year of diagnosis and SEER geographic area categorized as Northeast, South, Midwest, and West.
Statistical analysis
Differences in the distribution of socio-demographic and tumor characteristics were first examined across racial/ ethnic groups. Chi-square tests were used to assess significant differences between groups with respect to categorical variables, and t tests were used to assess differences with respect to continuous variables. Three multivariate logistic regression models were performed to assess the association of race/ethnicity and initiation of AET, tamoxifen, and AI's. Collinearity of all independent variables was tested using multiple collinearity tests, and no variables were removed because no variables had a value greater than 0.7 and the variance inflation factor was [10. We considered a priori significance level at p \ 0.05. Analyses were performed using SAS 9.4.
Results
Of the Table 2 presents the percentage of women who received AET, tamoxifen, and AIs by race/ethnicity, socio-demographic, and tumor characteristics. The overall proportion of patients receiving AET was 74.8 %, of which 17.3 % and 82.8 % received tamoxifen and AIs, respectively. A smaller proportion of Hispanic Mexicans (\10.0 %), South/Central Hispanics (\17.0 %), other Hispanics (14.9 %), Asians (13.7 %), and non-Hispanic black patients (13.0 %) received tamoxifen compared to nonHispanic white patients (18.2 %), whereas a greater percentage of minorities received AIs compared to non-Hispanic white patients. A greater proportion of younger women compared to older women initiated AET (81.7 % for age 65-69 versus 64.9 % for age 80?). A greater proportion of patients without comorbidities initiated AET compared to women with comorbidity score of C3. Patients who received chemotherapy or radiotherapy had a higher percentage of receiving AET than those who did not. Table 3 presents the percentage of women who initiated AET by month of enrollment and by race/ethnicity, sociodemographic, and tumor characteristics. Among patients who initiated AET, 38.5 % initiated therapy within 0-3 months, 36.7 % initiated therapy within 3-6 months, 16.5 % initiated within 6-9 months, and 8.3 % initiated within 9-12 months of breast cancer diagnosis. A greater proportion of women initiated at earlier months (75.2 % initiated AET within the first 6 months, while 18.8 % initiated during months [6] [7] [8] [9] [10] [11] [12] . A greater proportion of nonHispanic white patients (76.2 %) initiated AET during months 0-6 compared to black (70.5 %), Hispanic initiated AET at months 0-6. In women who received radiation treatment, a greater proportion (69.6 %) initiated at earlier months (0-6 months). Table 4 presents the adjusted odds ratio (OR) of receiving AET, tamoxifen, and AIs by race/ethnicity, socio-demographic, and tumor characteristics. There were no significant differences in the initiation of AET between any of the Hispanic subgroups compared to non-Hispanic white patients after controlling for all socio-demographic and tumor characteristics. Women of Asian race/ethnicity were associated with a greater odds of initiating AET compared to non-Hispanic white patients (adjusted OR: 1.28, 95 % CI: 1.03-1.58). Black (OR: 0.70, 95 % CI: 0.54-0.91) and Hispanic Mexican patients (0.25, 0.10-0.62) had a significantly lower odds of receiving tamoxifen compared to non-Hispanic white women. Hispanic Mexican patients (2.06, 1.34-3.10) and Asians (1.33, 1.11-1.61) had a significantly higher odds of receiving AIs compared to non-Hispanic white women. Other significant predictors of receiving AET included age, marital status, SES, SEER Cancer Registry region, comorbidity scores, stage at diagnosis, lymph node status, tumor grade, surgical treatment, chemotherapy, and radiation therapy. Significant predictors of initiating tamoxifen were SES, SEER Cancer Registry region, comorbidity score, stage at diagnosis, receipt of surgery, and chemotherapy. Significant predictors of AI initiation were age, marital status, SEER Cancer Registry region, tumor stage, tumor size, lymph node status, tumor grade, receipt of surgery, and radiation treatment. Table 5 presents the adjusted OR of initiating AET, tamoxifen, and AIs by the number of months from diagnosis by race/ethnicity. Non-Hispanic black patients had a significantly lower odds of initiating any AET 0-3 months after the date of diagnosis compared to non-Hispanic white women (adjusted OR: 0.78, 95 % CI: 0.65-0.94), while Asian patients had a higher odds of initiation (1.44, 1.18-1.75). The same pattern was observed for women who initiated AIs during the same time period. Non-Hispanic black women (0.85, 0.72-1.00) compared to nonHispanic white women who initiated any AET 0-6 months after the date of diagnosis had a lower odds of receiving any AET, while Asian patients had a higher odds (1.23, 1.02-1.48) after controlling for other covariates. NonHispanic black and Hispanic Mexican women had a significantly lower odds of initiating tamoxifen therapy 0-6 months after the date of diagnosis compared to nonHispanic white women (0.67, 0.50-0.90 and 0.27, 0.10-0.74, respectively). Hispanic Mexican women and Asians had a significantly higher odds of initiating AI therapy 0-6 months (1.57, 1.11-2.23 and 1.29, 1.08-1.54, respectively, and of receiving any AET 0-9 months after the date of diagnosis compared to non-Hispanic white women (1.56, 1.05-2.32 and 1.25, 1.03-1.52, respectively). Non-Hispanic black and Hispanic women had a 
Discussion
This study described the association between race/ethnicity and the initiation of AET (tamoxifen and AIs) in women with early-stage hormone receptor-positive breast cancer with Medicare Part D drug coverage. Overall, close to three quarters (74.8 %) of early-stage hormone receptor-positive breast cancer patients initiated treatment, but still 25 % did not initiate therapy within the first 12 months of diagnosis. There also were substantial racial/ethnic differences in the initiation and timing of AET where Hispanic Mexicans and non-Hispanic black patients had a significantly lower odds of tamoxifen initiation (0.70, 0.54-0.91; 0.25, 0.10-0.62) and black patients had a significantly lower odds of early initiation within the first 6 months of diagnosis compared to non-Hispanic white patients (0.85, 0.72-1.00).
The percentage of women who initiated AET within 12 months was slightly higher than that of previous studies which found between 68 and 71 % of women initiated AET [15] [16] [17] . However, those studies included younger commercially insured women [15, 16] , or included women with stage 0 breast cancer [17] , which may have explained some of the observed differences in proportion of women that initiated AET.
In our study, we found racial/ethnic differences among women who initiated AET where higher levels of initiation were found for Asian women. One study by Livaudais et al. found that Chinese women compared to non-Hispanic white women had a lower odds of AET initiation in a cohort of younger, commercially insured women [16] . We were not able to stratify Asian race/ethnicity into smaller subgroups due to limitations in sample size. Our finding regarding no association between other race/ethnicities and initiation of AET is consistent with previous studies [14, 15] . However, contradictory to these findings, studies showed that the use of AET is independently associated with lower proportion of initiation among Hispanic [16, 18] and black patients [17, 18] compared to white women. These studies were conducted among different study populations and used self-report of AET use, included stage 0 or stage IV breast cancer, and/or studied a younger cohort of women. This is the first study to find that the proportion of female Medicare beneficiaries with breast cancer who initiated tamoxifen and AIs varied significantly by race/ethnicity even after controlling for other covariates in SEER areas following Medicare Part D coverage, whereas Hispanic Mexican and black patients were less likely to receive tamoxifen and Hispanic Mexican and Asian a Actual percentages were not reported to avoid N \ 11 reporting as required by the data-user agreement a Adjusted odds ratio (AOR) controlled for all other socio-demographic and tumor characteristics listed in Table 1 patients were more likely to receive AIs compared to nonHispanic white women. A recent study by Wang & Du did find lower levels of initiation by AET type among black women, but it did not examine ethnic differences in the initiation and timing of AET [17] . Other studies combined tamoxifen and AIs into one category of AET [15, 16, 18] . Current national guidelines recommend that women with hormone receptor-positive breast cancer take AIs as part of adjuvant treatment either up-front or following tamoxifen [24] , but the guidelines do not provide a clear indication as to which drug is superior at initiation. Despite this, we did find that the initiation of tamoxifen and AIs varied significantly by race/ethnicity. This is an important finding since the type of hormonal therapy use may be associated with adherence to the medication regimen [25, 26] , cost of the drugs [27, 28] , and potential short-and long-term side effects [29, 30] . These factors may all influence breast cancer recurrence [11, 31] and mortality [31] . While we did control for geographic region, racial/ethnic differences in treatment with tamoxifen versus AIs may be partially attributed to geographic-specific treatment practices [17] , especially since racial/ethnic minorities represented in the sample are clustered into regions such that the majority of Hispanic Mexican patients were from the Western region of the USA. Our study found significant differences in the early initiation of AET by race/ethnicity where black patients are less likely to initiate AET within 6 months from diagnosis and black and Hispanic Mexican women less likely to initiate tamoxifen therapy within 6 months from diagnosis compared to non-Hispanic white patients. However, there is no clear guideline on the timing for which women should initiate hormonal therapy in relationship to her diagnosis, surgical treatment, chemotherapy, and/or radiation therapy date. A previous study examining the cumulative rates of initiation of AET among non-elderly Medicaid insured women found that a small proportion of women continued to initiate AET more than 12 months after breast cancer diagnosis [15] . Similar to other studies, significant predictors of initiating AET included comorbidity status, tumor stage, age, socioeconomic status, geographic region, tumor stage, chemotherapy, and radiation therapy [15] [16] [17] .
Our study had several strengths. First, our study was able to utilize a large, nationally represented sample of elderly breast cancer patients including subgroups of Hispanic ethnicity. Second, this study applied the innovative use of the nationwide, population-based computerized Medicare claims and SEER Cancer Registry data on cancer therapies which have been validated for internal and external validity [17, 32, 33] . Furthermore, populationbased cancer registries alone tend to underestimate the use of adjuvant treatment such as AET [33] and most studies on use of AET have relied solely on medical claims and pharmacy data which do not contain tumor characteristic information that allows to identify which women are indicated for AET treatment [25, 27, 34] . Hence, the SEER-Medicare-linked data used in this study offered the unique opportunity to examine the initiation and timing of AET among those who are indicated for such therapy.
Our study also had limitations. First, our study population included only women aged 65 and older enrolled in Medicare Part D plan and the results may not be generalized to younger patients or those not enrolled in Part D. Second, there could be unmeasured confounding such as patient psychosocial factors that may influence women's initiation of AET which cannot be captured in this study. For example, patients' strong belief in the necessity of a treatment and familial support may improve initiation of therapy [35] . Treatment recommendations made by physicians are also influential, and this information was not available in the current dataset; therefore, we were unable to determine whether treatment with tamoxifen or AIs was influenced by physician recommendation [36] . Third, there may have been misclassification of race/ethnicity. However, this bias may be minimal since the SEER Cancer Registry data use incidence data for Hispanics based on the NAACCR Hispanic/Latino Identification Algorithm (NHIA) which have been previously validated [37] . Also, we used race/ethnicity data from the Medicare dataset which was also well validated for accuracy of race/ethnicity to augment the information on missing or unknown ethnicity in SEER [20] .
Conclusions
In conclusion, while a large proportion of women with hormone receptor-positive breast cancer initiated AET, a substantial proportion of women (25.2 %) still did not initiate AET within 12 months of diagnosis. According to the clinical guidelines, all women in our study cohort are eligible and should have initiated AET based on breast cancer tumor characteristics alone in order to maximize the full benefits of effective treatment to reduce the risk of breast cancer recurrence and mortality, with the exception for patients with a history of blood clots, stroke, uterine cancer or osteoporosis [9] . Furthermore, we observed differences in the use of tamoxifen and AIs by race/ethnicity even after controlling for other socio-demographic and tumor characteristics. The underlying factors and consequences associated with prescription of tamoxifen and AIs by race/ethnicity need to be investigated further. Ethical standards The authors declare compliance with ethical standards of the current laws in the USA where the study was performed.
